be effectively used as an alternative tool for the assessment of carbofuran in both environmental samples and commercial formulations.
Experimental details
Systronics spectrophotometer -106 Model with 10mm matched quartz cells was used throughout the spectral measurements.
Reagents
Carbofuran (99.9% purity) was supplied by Rallis India Ltd. Bangalore, India. 4-4 I -diaminodiphenyl sulfone (dapsone) was obtained from Merck (Germany), Sodium nitrite (BDH), Sodium hydroxide (AR), Sulphamic acid, (BDH) were used. All other chemicals used were analytical reagent grade. Double distilled water was used to prepare all solutions and commercial formulations were purchased from local sources and environmental samples were collected from nearby sources.
Sample preparation
A Stock solution of Carbofuran (500 µg mL -1 ) was prepared by dissolving 50mg of pure sample in methanol followed by 5 mL of 2 mol L -1 of methanolic sodium hydroxide and after 5 min the solution was made up to the volume in a 100 mL calibrated flask with methanol. Working standards were prepared by suitable dilution. A solution 0.2 % (m/v) dapsone was prepared by dissolving 0.2 g of dapsone in 5 mL of 1 mol L -1 hydrochloric acid and then diluted to 100 mL with water. Aqueous solutions of 0.5 % (m/v) Sodium nitrate, 2% (m/v) Sulphamic acid solution, and 2 mol L -1 methanolic sodium hydroxide solutions were prepared.
Sample Preparations.-
Furadan 3G working solution (Furadan 3G granular, Manufactured and Marketed by Rallis India Ltd. Bangalore, India) was prepared by transferring 333.30 mg in 100mL volumetric flask, then dissolved and diluted to the mark with methanol to get 100 µg mL -1 . Suitable aliquots were analyzed for the estimation of carbofuran using the proposed method.
Carbofuran 10G working solution (Marketed by AIMCO Pesticides Ltd. Mumbai, India) was prepared by transferring 100.0 mg in 100 mL volumetric flask, then dissolved and diluted to the mark with methanol to get 100 µg mL -1 . Suitable aliquots were analyzed for the estimation of carbofuran using the proposed method.
Tap water, pond water and river water were collected (100 mL each) from Manasagangotri, Kukkarahalli and Kaveri River respectively. These samples were spiked by adding known amounts of carbofuran concentration which lies within the Beer's law range (0.1-4.0 µg mL -1 ). Using the proposed method, recovery studies was performed.
Recommended procedure:
1.0 mL of 0.2 % (m/v) dapsone solution was transferred into each of series of 10 mL calibrated flasks. 1.0 mL of 1.0 % (m/v) aqueous solution of sodium nitrate was added and cooled in ice water bath for 3 min to attain the temperature around 5°C. A 2.0 mL of 2.0 % (m/v) aqueous solution of sulphamic acid was added and reaction mixture was allowed to stand for 2 min with occasional shaking. Aliquot of standard solution of carbofuran (1.0 -40 µg) was added to the above and resulting solution was made up to the mark with 2 mol L -1 methanolic sodium hydroxide and mixed thoroughly. The absorbance of resulting orange red colored solution was measured at 480 nm against the corresponding reagent blank, which has negligible absorption at this wavelength and calibration graph was constructed.
Results and Discussions

Spectral characteristics
The proposed method involves the coupling reaction of diazotized dapsone with the hydrolyzed product of carbofuran in sodium hydroxide medium to give orange red colored product having maximum absorption at λ max 480 nm. This wavelength was used for all measurements. The Beer's Law range and molar absorptivity were 0.1-4.0 µg mL -1 , 5.0X 10 4 L mol -1 cm -1 respectively. The Sandell's sensitivity of the method was 4.4 ng cm -2 . The absorption spectrum of the reaction product formed is shown in the Fig. 1 . The corresponding reagent blank has practically negligible absorbance at this wavelength.
blank. Beer's law was obeyed over the hydrolyzed carbofuran range of 0.1-4.0 µg mL -1 . Limit of quantification (LOQ) is determined by taking the ratio of standard deviation (σ) of the blank with respect to water and the slope of the calibration curve (a) multiplied by a factor 10. LOQ is approximately 3.3 times the limit of detection (LOD). Naturally, the LOQ slightly crosses the lower limit of the Beer's law range. But LOD is well below the lower limit of the Beer's law range. The upper limit of the Beer-Lambert range is determined by a plot of absorbance against concentration at the value of λ max . Beyond this limit, the correlation results were really affected. Hence, the measurements were excluded above these limits to keep the relationship linear.
Method Validation
The accuracy of the method was established by Recovery studies of hydrolyzed carbofuran at three levels (within the Calibrated graph). The precision was ascertained by calculating the relative standard deviation (RSD) of seven replicate determinations at three levels. The RSD (%) and range of error (%) and values were 1.144 and 1.143 respectively. Which were less than 2 % are indicative of good accuracy and precision of the method. The LOD and LOQ of the method were found to be 0.04 and 0.13 µg mL -1 respectively. From the regression equation it was observed that correlation coefficient and slope of the curve were 0.9978 and 0.1696 respectively.
Reaction sequence
Carbofuran when dissolved in methanolic sodium hydroxide undergoes hydrolysis to form carbofuran phenol which couples with diazonium cation produced by the diazotization of dapsone to produce the orange red colored product. For the diazotization process, it is expected that the two NH 2 groups in dapsone will be readily diazotized and each diazonium group will then react with two molecule of carbofuran phenol. When the same reaction was carried out with carbofuran dissolved in ethanol or methanol instead of sodium hydroxide does color, this clearly indicates that it is the hydrolysis product of carbofuran which is coupling with diazotized dapsone. The reaction mechanism for the formation of the product is shown in scheme 1. 
Optimization of the reagent concentration
Various concentration and volume ranges for all the reagents were studied in detail. However, the following are the optimum concentration and volume ranges. For the diazotization coupling reaction, it was found that 1.0 % (m/v) sodium nitrate solution in the range of 1.0 -3.0 mL, 2.0 % (m/v) sulphamic acid solution in the range of 1.0 -4.0 mL were optimum to achieve maximum color intensity. Hence, 1.0 mL of sodium nitrate, 2.0 mL of sulphamic acid and 1.0 mL of dapsone were selected for diazotization. The excess of nitrate added during diazotization reaction was removed by the addition of sulphamic acid. An excess of sulphamic acid was found to have no effect on color intensity. Dilution of the coupled product obtained by the interaction of hydrolyzed product of carbofuran and diazotized dapsone was studied water, ethanol, hydrochloric acid, sodium hydroxide and sulphuric acid. Results showed that 2 mol L -1 methanolic sodium hydroxide was found to give maximum color intensity and stability of resulting product.
Quantification
Adherence to the Beer's law by the colored product of diazotized dapsone with hydrolyzed carbofuran was determined by measuring the absorbance at 480 nm for a set of solutions containing varying amounts of analyte and specified amounts of reagents against colorless reagent 
Effect of Foreign Species
The suitability of the method for application to water samples and other environmental samples were studied by taking various cations, anions and other pesticide species in solutions containing 2.0 µg mL -1 carbofuran. The results are given in the Table 3 . The other pesticides such as parathion ethyl, Malathion, fenitrothion, 2, 4-D, parathion methyl, did not interfere ser-
Effect of temperature and color stability
Under the optimized condition, the orange red colored product was found to be stable for 48 h. Reproducible results were produced in the temperature range of 20 -55°C. An increase in temperature above 55°C decreased in the absorbance readings indicating the decomposition of the product. However, a temperature of 30°C is recommended for the absorbance measurements. iously. The tolerance limits given in Table 1 are the concentrations of diverse species that cause ± 2% error in the determination of carbofuran by this method. The results also showed that a large number of metallic and non-metallic ions did not interfere.
Applications Determination of carbofuran in Commercial
Formulations. - The method was applied to determine carbofuran in different carbofuran formulations. Here, two different commercial formulations [Furadan 3G (granular) and 10G (granular)] were prepared by appropriate dilution with methanol (within the Beer's Law range 0.1-4.0 µg mL -1 ) and analyzed by the recommended procedure. The results are represented in Table 2 . Statistical data showed that this method can be effectively employed for the determination of carbofuran in various environmental and commercial formulations.
Recovery of the carbofuran residues from spiked water samples.
Water samples (100mL) were spiked with known amount of carbofuran (0.1-4.0µg mL -1 ) in methanol. The mixture was transferred into a separating funnel and insecticide was extracted using approximately 15 mL of Chloroform in each occasion till complete extraction. The combined extracts were washed with 2mL of 0.1 mol L -1 potassium carbonate to break any emulsion formed during the extraction. The extracted insecticide was dried over anhydrous sodium sulphate. Chloroform was evaporated on a water bath and residue was dissolved in methanol. The amount of carbofuran was determined using the proposed procedure and data are shown in table 3.
Conclusions
The proposed spectrophotometric method is simple to perform, cost effective. The sensitivity, simplicity, temperature independence and stability of the colored product are the advantages of this method. The diazotizing reagent used here is colorless, highly water soluble and cheaper when compared to the other reagents used in reported methods. This method can be used to detect 0.040 µg mL -1 and quantitatively detect 0.130 µg mL -1 of carbofuran and does not involve extraction step and the use of carcinogenic solvents. The proposed method does not entail any stringent experimental variables which affect the reliability of the results. From the recovery studies, it reveals that this method can serve as an alternative method for determining carbofuran residues in various environmental samples.
